Introduction
dialyzate was eluted through a column (0.9ϫ10 cm) of DNA-Sepharose 4B in
Highly repetitive DNA components have been shown to be the same manner. The eluted fraction was dialyzed against TP and lyophilized. The lyophilized material was taken as the DNA binding nuclear scaffold protein located preferentially in the heterochromatinic region of the and designated P230 due to its electrophoretic mobility on SDS-polyacrylamide interphase nucleus and are localized at the centromere or gels. In another experiment, the nuclear scaffold fraction was prepared from rat telomere of metaphase chromosomes (1-5). Such repetitive liver and a DNA binding protein (P130) was isolated from the fraction as components have been shown to have some properties characdescribed previously (9) . To detect DNA binding protein fractions in these experiments an aliquot of each column fraction was subjected to a filter binding teristic of bent DNA (4, (6) (7) (8) (9) and are known to be nuclear assay with the 32 P-labeled restriction fragments as described below. matrix/scaffold attachment region DNA (MAR/SAR*). In fact,
Labeling of restriction fragments
these components have been shown to be enriched in the A highly repetitive component in the DNA from the hepatoma nuclei was isolated nuclear matrix or nuclear scaffold, which may form the by HindIII digestion and cloned in plasmid pUC9 (17) . The resulting 369 bp framework of the interphase nucleus and/or metaphase chromocloned HindIII fragment was subcloned in plasmid pUC19 as described previsomes (10) (11) (12) . In a previous work, a repetitive bent DNA ously (7) . The subclone containing a self-ligated tandem dimer of the HindIII binding protein in the nuclear scaffold fraction from rat liver fragment was identified through a boiling minilysis procedure (18, 19) . The plasmid DNA containing the dimer was isolated in a conventional manner and (P130), which has an apparent molecular weight of 130 kd, digested with XmnI (NEB), which cleaves only once in the monomer sequence. The digest was extracted with an equal volume of 1 mM Tris-HCl, pH 8 ) . Then, the membrane was washed with buffer A containing 0.2 M NaCl. The application area was cut out and subjected to a radioactivity assay in a mixture of 2,2Ј-p-phenylene-bis(5-phenyloxazole), 2,5-diphenyloxazole, toluene and Triton X-100.
DNA bending analysis
The analysis was performed according to the method of Wu and Crothers (20) . The cloned plasmid DNA containing a self-ligated tandem dimer of the 369 bp HindIII fragment was digested with RsaI and XmnI (NEB), which each cleave only once in the monomer sequence. The resulting sequence-permuted 369 bp fragments were electrophoretically recovered with a Gene Clean kit as described above and electrophoresed on a slab gel of 6% polyacrylamide at 4 or 55°C. The k factor was expressed as the ratio of expected/observed mobilities of the 369 bp sequence-permuted fragment at 4°C (21) . The expected mobility was defined as the migration distance of each fragment at 55°C. In another experiment, the 369 bp XmnI fragment (20 µg/ml) was incubated in electrophoretic sample buffer containing 10 mM MgCl 2 and distamycin A or chromomycin A 3 at room temperature for 15 min. The incubated material was electrophoresed in the same manner.
Southwestern blotting
Blotting was performed according to the method of Miskimins et al. (22) . The sample to be assayed was dissolved in 62.5 mM Tris-HCl, pH 6.8, 10% sucrose, 5% 2-mercaptoethanol, 2% SDS and electrophoresed on a slab gel of 0.1% SDSpolyacrylamide in a 2-20% linear gradient at 4°C for 3 h. Then, the gel was immersed in 25 mM Tris-HCl, pH 8.3, 40 mM 6-amino-n-caproic acid, 20% methanol, 0.05% SDS for 5 min and subjected to Western blotting on a nitrocellulose membrane in a conventional manner. The blotted membrane was immersed in Block Ace (Dainihon Pharmaceutical Co.) for 1 h and incubated in 50 mM NaCl, 10 mM Tris-HCl, pH 7.5, 2 mM EDTA, 5% (v/v) Block Ace (binding buffer) containing the 369 or 370 bp [ 32 P]XmnI fragment (2 ng/ml) at room temperature for 3 h. The incubated membrane was rinsed with binding buffer containing 0.2 M NaCl. The rinsed membrane was air dried and subjected to autoradiographic assay in a conventional manner.
Immunoblot analysis
The nuclear scaffold protein from rat liver (P130) was dissolved in water (1.1 mg/ml) and emulsified in an equal volume of Freund's complete adjuvant. The emulsion (200 µl) was administered i.p. to a male BALB/c mouse. Booster administration was performed over 4-8 weeks at 2 week intervals after the primary immunization. On day 2 after the final administration, blood samples were collected and kept at room temperature for 6 h and further at 4°C overnight.
To eliminate clots and debris, the sample was centrifuged at 4°C and the resulting The nuclear scaffold fraction from hepatoma cells was subAll the restriction endonuclease digestions were performed according to the methods prescribed in the instruction manuals from the suppliers.
jected to Sepharose 6B gel filtration ( Figure 1A ). The void Binding of the distamycin A-treated fragment to P130 and fraction (column fractions 16-24) was separated further into P230 was inhibited at 4°C with increasing dose of the drug, two DNA binding protein fractions by CM-Sephadex C-50 whereas binding was unaffected by treatment with chromomycolumn chromatography ( Figure 1B) . One of the fractions cin A 3 ( Figure 4A ). No inhibitory effect was observed on (column fractions 25-35) was eluted as a single peak through treatment with each drug at 55°C, although binding activity a DNA-Sepharose 4B column ( Figure 1C ). This protein was rather low ( Figure 4B ). In fact, the level of activity did fraction migrated as a single band to a molecular weight not vary in the range 4-37°C, but was lower at ജ45°C position of 230 kd on a SDS-polyacrylamide gel and thus was ( Figure 5 ). designated P230 (Figure 2) . Another major fraction, as shown DNA bending analysis in Figure 1A , was composed mainly of histones (data not shown). All the DNA binding protein fractions were detected
The HindIII fragment from the hepatoma nuclei was cloned in plasmid pUC9 and the 369 bp cloned fragment was by filter binding assay with the 369 bp [ 32 P]XmnI fragment. Table I shows the binding activity of the 369 bp [ 32 P]XmnI subcloned in plasmid pUC19 (7, 17) . The subclone containing a tandem dimer of the 369 bp HindIII fragment was digested fragment to the nuclear scaffold proteins at each purification step. The specific activity (DNA/protein) was~3.3 times higher with RsaI and XmnI, which each cleave only once in the monomer sequence. The resulting sequence-permuted 369 bp in the fraction eluted through the DNA-Sepharose column than in the scaffold fraction.
fragments were recovered and electrophoresed on a polyacryl- 
Base sequence of the XmnI fragment
The 370 and 369 bp cloned HindIII fragments from rat liver and hepatoma nuclei respectively were sequenced and characterized previously (17) . From these findings, the base sequences of the 370 and 369 bp XmnI fragments from the liver and hepatoma nuclei respectively were determined as shown in Figure 7 . Many A and/or T runs were interspersed throughout each sequence. The AT content was 62.7% in the 370 bp fragment and 63.1% in the 369 bp fragment. The sequence homology was 94.1% between both fragments.
Southwestern blotting
Each of the nuclear scaffold fractions from rat liver and an actively growing hepatocyte cell line (Ac2F cells) was (P123), corresponding to 123 kd, was predominant with the fraction from the liver, but nonexistent or only very slight amide gel at 4 or 55°C. The mobilities of the fragments were with that from Ac2F cells (Figure 8, lanes 1-2) . The nuclear reduced at 4°C ( Figure 6A-1 and 6A-2, lanes a-c) . The k scaffold fraction from the hepatoma cells was assayed in the factors of the HindIII, RsaI and XmnI fragments were 1.10, same manner. Selective binding of the 369 and 370 bp XmnI 1.17 and 1.26 respectively. These results indicate that sequencefragments to a protein (P230) was shown at a molecular weight directed bending of the helix axis occurs in the fragments and position of 230 kd (Figure 8, lanes 3-4) . In this connection, is strongest in the XmnI fragment. Such anomalously slow gel our most recent work has shown that the nuclear scaffold electrophoretic mobilities were not observed at 55°C (Figure fraction from hepatoma cells contains only P230 as a DNA 6B-1 and 6B-2, lanes a-c). In another experiment, distamycin binding protein (14) . A-or chromomycin A 3 -treated XmnI fragment was electroImmunoblot analysis phoresed on a polyacrylamide gel at 4°C. The mobility was increased with distamycin A, an antibiotic which binds Each of the nuclear scaffold fractions from rat liver, Ac2F cells and hepatoma cells was electrophoresed on a SDSspecifically to AT-rich DNA ( Figure 6A-1, lanes d-g ), but not with chromomycin A 3 ( Figure 6A-2, lanes d-i) . Chromomycin polyacrylamide gel and blotted onto a nitrocellulose membrane. The blotted membrane was incubated with anti-P130 antiserum A 3 is known to be specific for GC-rich sites in DNA (25). Irrespective of these drugs, mobility was not affected at 55°C
and further with horseradish peroxidase-conjugated antibodies. The incubated membrane was exposed to detection solution ( Figure 6B-1, lanes d-g, and 6B-2, lanes d-i) . such as P230. In addition, another DNA binding protein, P123, which has an apparent molecular weight of 123 kd, was (Amersham) and subjected to fluorographic assay. The antidetected in the nuclear scaffold fraction from rat liver, but not serum was shown to react with both P123 and P230 in addition or only slightly in that from Ac2F cells. This might be related to P130 (Figure 9 ).
to the difference between normal liver and a continuously dividing cell line. Accordingly, it is likely that a major Discussion component for formation of the nuclear DNA attachment site is P230 in the hepatoma, but P130 in resting or actively Our previous work has shown that a highly repetitive DNA component (370 bp XmnI fragment) from rat liver nuclei has growing hepatocytes. However, immunoblot analysis showed that mouse anti-P130 antiserum reacts with both P123 and selective binding affinity for a nuclear scaffold protein, P130, which has an apparent molecular weight of 130 kd (8, 9) .
P230. Thus, it is implied that there is some difference in the higher order structure of the nuclear DNA attachment region Moreover, it has been shown that the nuclear scaffold fraction from rat hepatoma cells does not contain P130, but does have between rat liver or actively growing hepatocytes and the hepatoma, although P230 appears to be immunochemically a DNA binding protein, P230, which has an apparent molecular weight of 230 kd (14) . In the present experiment, P230 was similar to P130. It has generally been accepted that nuclear MARs/SARs highly purified from the scaffold fraction by a series of column partition chromatin structure into functional loop domains and that some non-histone proteins are nuclear elements essential for organizing the loops (15, 16) . Such MAR/SAR binding proteins have already been found in several eukaryotic cells (26) (27) (28) (29) (30) . Moreover, it has been shown that nuclear scaffold proteins from chicken (31) and rat brain (32) bind to an MAR fragment in a cooperative fashion. Romig et al. have shown that a nuclear scaffold protein from HeLa cells, SAF-A (scaffold attachment factor A), which has an apparent molecular weight of 120 kd, binds to AT-rich sites in several SARs from vertebrate cells and that this protein is capable of forming large aggregates which mediate construction of looped DNA (33) . It has also been shown that SAF-A is identical to a component of heterogeneous nuclear ribonucleoprotein particles (hnRNP-U) and suggested that hnRNP-U-SAF-A functions in higher order chromatin organization and in hnRNA metabolism (34-36). On the other hand, in addition to such nontissue-specific MAR/SAR binding proteins, a tissue-specific (thymocyte-associated) MAR binding protein, SATB1, has been found and suggested to act as a suppressor of transcription in addition to anchoring chromatin to the nuclear matrix (37). Moreover, tumor-specific MAR/SAR binding proteins have also been reported (38, 39) . Khanuja et al. have shown that nuclear matrices from normal human breast and tumor tissue share common nuclear matrix proteins as well as demonstrate the present experiment, a SAR binding protein, P230, was successfully isolated from rat hepatoma cells and the mode of binding was characterized.
Highly repetitive DNA components have been demonstrated to have some properties characteristic of bent DNA (4,6,7). Marini et al. first reported that a restriction fragment of DNA from the kinetoplast body of trypanosome particles has unusual physical properties, being electrophoretically retarded in a polyacrylamide gel, and that such anomalous behavior is due to a stable bent conformation of the fragment which makes it difficult for it to pass through polyacrylamide gel pores (40, 41) . Several investigations have demonstrated that A runs or AT tracts in DNA are capable of bending the helix axis (42) (43) (44) . Radic et al. showed that a mouse satellite DNA (AvaII repeat) consisting of many A runs is located throughout the centromeric region of the metaphase chromosome and contains a stable curvature which can be alleviated by distamycin A specific for AT-rich DNA (4). Accordingly, they inferred that the bend in the repetitive component is recognized by a non-histone nuclear protein which may be directly involved in centromeric heterochromatin condensation. In addition, Shrader and Crothers have suggested that sequence-directed bending of the DNA helix axis plays a role in nucleosome formation (45, 46) . by nuclear scaffold protein(s). Thus, the results of the present 
